P atients undergoing urgent surgical intervention are at increased risk for complications and death. Even routine surgery requires the complex coordination of surgeons, anesthesia providers, nurses, and support staff to provide timely and effective care; heightened patient acuity and time pressure increase the potential for critical errors and omissions in established standards of care. Implementation of the World Health Organization's 19-item Surgical Safety Checklist improved the process of care and was associated with a one-third decrease in complications across all types of noncardiac adult surgery. 1 In situations requiring urgent intervention, however, there has been worry that use of a checklist will interrupt workflow and delay therapeutic care in ways that increase risk to patients. Delays are recognized to increase risk in the treatment of appendicitis and open fractures, for example. 2, 3 Nonetheless, these delays are measured in hours rather than minutes and a brief perioperative checklist may avert errors that are common in urgent surgery. We hypothesized that implementation of this checklist in urgent surgical cases would improve compliance with basic standards of care and reduce rates of death and complications following surgery.
METHODS

Study Design
A prospective pre-and postintervention study was conducted at 8 hospitals participating as pilot sites in the Safe Surgery Saves Lives program (Table 1) . Details of the selection process and characteristics of these facilities have previously been reported. 1 Each site identified a local data collector with full-time commitment to the project and without other clinical responsibilities. These data collectors were trained by the primary investigators (T.G.W., A.B.H., W.R.B., and A.A.G.) in the identification and reporting of process measures and complications. Each hospital identified between 1 and 4 operating rooms to serve as study rooms for this project, with preference given to rooms used for complex and high-acuity operations, including emergency care. Consecutive adult patients (age 16 or over) undergoing noncardiac surgery in those rooms were enrolled in the study. The human subjects committees of the Harvard School of Public Health, World Health Organization (WHO), and each participating hospital approved the study and waived the requirement for individual informed consent from patients.
Data Collection
Information on surgical patients was obtained through completion of standardized data forms by the local data collectors or the clinical teams involved in surgical care. Operative data included patient age and gender, diagnosis, procedure, wound classification, urgency of the operation, anesthetic modality, and safety processes. Patients were followed up prospectively until discharge or for 30 days, whichever came first, for deaths and complications. Outcomes were identified through chart monitoring and communication with clinical staff. Each data collector received training and supervision from the Harvard study staff in the identification and classification of process measures and complications. Completed data forms were stripped of direct patient identifiers and transmitted to the primary investigators. We targeted recruitment of 500 consecutive cases at each site in less than 3 months in each arm of the study. In 3 sites, where this could not be achieved, case collection was extended up to 3 additional months to allow for accrual of a sufficient sample size. Cases were identified as urgent whether an operation was deemed necessary within 24 hours of assessment to be beneficial for saving life or limb. Patients undergoing urgent operation in the study rooms were selected for analysis.
Intervention
After collecting baseline data, each local investigator was provided with data and an evaluation identifying deficiencies in baseline processes. They were asked to implement the 19-item WHO Safe Surgery Checklist (Fig. 1) to improve practices within their institution and encouraged to adopt policies and practices that would support adherence to the checklist safety steps. 4 The checklist was translated into local language when appropriate and each institution adjusted it to fit the flow of care. The local study team introduced the checklist to operating room staff through lectures, written materials, or direct mentoring. The primary investigators also aided in training through the distribution of a recorded video, teleconferencing with study staff, and a site visit. Introduction of the checklist into the study rooms occurred over a period of 1 week to 1 month. Data collection resumed within the first week of checklist use.
Outcomes
The primary end point was the occurrence of any major complication, including death, during the period of primary postoperative hospitalization, limited to 30 days. We followed the definitions for complications used for the American College of Surgeons' National Surgical Quality Improvement Program: acute renal failure, bleeding requiring Ն4 units of red cell transfusion within 72 
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Effect of A 19-Item Surgical Safety Checklist hours after surgery, cardiac arrest requiring cardiopulmonary resuscitation, coma for Ն24 hours, deep venous thrombosis, myocardial infarction, unplanned intubation, ventilator use for Ն48 hours, pneumonia, pulmonary embolism, stroke, major wound disruption, surgical site infection, sepsis, septic shock, systemic inflammatory response syndrome, unplanned return to the operating room, vascular graft failure, and death. 5 Urinary tract infection was not considered a major complication. A group of physician reviewers determined by consensus whether postoperative events reported as "other complications" qualified as major complications, using the Clavien classification for guidance. 6 We assessed completion of a subset of 6 safety measures as an indicator of process adherence. These measures were: objective evaluation and documentation of patient airway prior to anesthetic; use of pulse oximetry at the time of initiation of anesthesia; presence of at least 2 peripheral intravenous lines or a central venous catheter before incision in cases with an estimated blood loss of at least 500 mL; administration of prophylactic antibiotics within 60 minutes before incision except in cases with pre-existing infection, where no incision was made, or when operating in a contaminated field; verbal confirmation of patient identity, operative site, and procedure immediately before incision; and completion of a surgical sponge count in cases where an incision was made. We created an adherence score based on the composite of all 6 of these safety measures when so indicated.
Statistical Analysis
We calculated standardized rates of major complications, death, and performance of the 6 specified safety measures at baseline and after checklist implementation using the weighted average of the hospital-specific rates, where the weight for a given hospital was equal to the proportion of total cases from that site. 7 We used these standardized rates to mitigate the effect of differences in the number of cases in each arm and at each site. We used logistic regression to calculate 2-sided P-values for each pre versus post comparison, with site as a fixed effect. We also used generalized estimating equation methods to test for any effect from clustering by site.
We performed additional analyses using logistic regression to assess for robustness of the observed effect on outcome in cases where a data collector was present in the operating room or from case-mix by including these factors as variables. We classified cases as orthopedic, thoracic, abdominal GI (gastrointestinal surgery not involving the esophagus, colon or rectum), colorectal (operations on the appendix, colon, and rectum), obstetric, urologic/gynecologic, or vascular, and noted whether there was a traumatic cause. Finally, to assess for the heterogeneity of checklist effect by site, we performed a cross-validation by sequentially removing each site from the analysis. All P-values are 2-sided and no adjustments were made for multiple comparisons. Statistical analyses were performed using the SAS 9.1 statistical software package (SAS Institute, Cary, NC).
Role of Funding Body and Authors
The Safe Surgery Saves Lives initiative and study is funded by WHO, which had no role in study design, analysis or interpretation of data, or the decision to publish. The study was designed by the authors, who had full access to the data and vouch for the accuracy and completeness of the manuscript.
RESULTS
In our study operating rooms, 842 patients had urgent operations before checklist implementation and 908 after checklist implementation (22.6% and 23.0% of the total patients enrolled, respectively). Table 2 lists demographic characteristics of the patients and Table 3 the procedural category. There were no significant demographic differences between the patients, however, there were more patients undergoing colorectal surgery in the postintervention arm of the study and more urologic and gynecologic operations in the preintervention phase. Sites 1 to 4 are in high-income countries, whereas sites 5 to 8 are in low-or middle-income countries. 8 The overall complication rate among patients undergoing urgent operation dropped from 18.4% (n ϭ 151) at baseline to 11.7% (n ϭ 102) after the checklist was introduced (P ϭ 0.0001). The in-hospital death rate dropped from 3.7% to 1.4% following the checklist introduction (P ϭ 0.0067). In addition to overall complications, specific complication rates dropped significantly following introduction of the checklist as shown in Table 4 : the rate of surgical site infection fell from 11.2% to 6.6% (P ϭ 0.0008) and estimated blood loss of greater than 500 mL declined from 20.2% to 13.2% (P Ͻ 0.0001).
Changes in adherence to 6 safety measures are shown in Figure 2 . Rates of adherence to all six measures improved from 18.6% at baseline to 50.7% following checklist implementation (P Ͻ 0.0001). At each site, implementation of the checklist also entailed the routine performance of team introductions, briefings, and debriefings, but adherence rates could not be measured.
The presence of a direct observer did not affect the significance of the change in complications or mortality (P ϭ 0.0001 and P ϭ 0.0072, respectively), nor did changes in case-mix (P Ͻ 0.0001 and P ϭ 0.0066). In cross-validation analysis we found that the checklist intervention remained significantly associated with reductions in complications and death (P Ͻ 0.05) even after consecutively removing of each site from the model. We also found no difference in the significance of effect after adjusting for clustering (P Ͻ 0.0001 for complications, P ϭ 0.0056 for death).
DISCUSSION
Use of the WHO Surgical Safety Checklist in urgent operations was associated with marked improvements in patient outcomes. Postoperative complications decreased by 36%, death rates fell 62% and adherence to 6 basic safety measures improved by nearly 3-fold. Despite circumstances requiring rapid surgical intervention, the checklist proved feasible and helped teams ensure that standards of care were accomplished in a timely fashion.
Whereas the evidence of improvements in both adherence to basic standards and outcomes in urgent surgery is compelling, the mechanism is unclear and likely to be multifactorial. The checklist required changes not only in clinical practice and behavioral patterns but also to hospital policy in a number of settings. For example, several of the sites had to change the process by which antibiotics were administered, moving the location of administration from the floor-where delays between administration and skin incision were frequent-to the operating room. Improving antibiotic delivery and timing has been shown to independently decrease rates of surgical site infection by 50% or more. 9, 10 Other potentially lifesaving components of care such as objective airway evaluation and use of pulse oximetry showed significant improvements as well. In addition, many sites did not have a formal pause to identify the patient before commencing the operation, and none had structured briefings or debriefings. Improvements in team interactions and communication have been shown to improve outcomes and such interactions were likely enhanced with use of the checklist. 11, 12 Whereas adherence to the 6 objective safety measures barely exceeded 50%, it still represented a substantial improvement in the process of care. Furthermore, improvements in other teamwork processes may have a significant effect, particularly in urgent cases where rapid progress of care may lead to miscommunications between team members.
There are a number of important limitations of this study. One mechanism of observed improvement may have been a Hawthorne effect-an improvement in performance because of the subjects' knowledge of being observed. 13 We found no evidence of an effect of an outside observer, as one was present in both arms of the study. Additionally, direct observation by the data collector did not appear to improve the performance of either the checklist or the individual safety steps when we compared observed versus nonobserved cases. Operating teams may have improved their performance because of their awareness of being studied, however, the baseline period established the benchmark by which improvements were measured. One specific way the checklist may function is by introducing an internal Hawthorn effect whereby various members of the team serve to remind each other of important safety steps; this strengthens the effect of the checklist, however. Finally, teams may have used the checklist more assiduously because of the ongoing study; this was the intent of the program and team members were supposed to act as a self-check.
A further concern for the accuracy of the findings is the pre/post design. While there was a possibility of secular improvement trends, we limited the likelihood of this possibility by confining the duration of the study to less than a year; 6 of the 8 sites completed the study in less than 9 months. To keep the study feasible in this multinational setting, we did not collect any information on patient comorbidity and restricted demographic information to age and gender only. There is a theoretical possibility that patients were healthier in the postintervention arm of the study, but as there were no significant changes in patient age, gender, or the involvement of trauma, this appears unlikely. There were more colorectal operations performed in the preintervention arm, but the difference is comparatively small and unlikely to have contributed to the overall rate of improvement. None of these factors would explain the improvements in process measures we found. Because data collection ceased on patient discharge, we were not able to capture late complications or deaths. As the average length of stay was 6.1 days, most early complications were captured. In addition, data collection might have been complicated by the learning curve of the data collectors. This, however, would likely increase capture of adverse events over the course of the study, biasing it in the opposite direction of our demonstrated results.
During checklist development we carefully considered the feasibility of checklist implementation in different types of hospitals and settings. Implementation was neither costly nor lengthy, and has not been problematic as experience with the checklist has grown. 14 Only 3 items on the checklist require the commitment of significant resources: application of pulse oximetry, administration of antibiotics, and use of sterility indicators. The first 2 were available at all sites before the study began, including the low and middle income sites, but their use was inconsistent. Sterility practices at a number of lower income sites fell short of accepted standards. In these settings, improvements in practices and resources would be of benefit. Whether the checklist is of benefit in cases that involve extreme acuity-such as active arterial bleeding with hemodynamic instability-is a valid concern; this would require further study. Only 10.8% of the urgent cases involved trauma, and few involved such severe circumstances. Surgical teams, however, must exercise judgment as to whether pausing for a checklist is a danger in such extreme cases.
The ability to sustain the improvements we observed drives at the heart of all quality improvement programs. Whereas we have not reevaluated the hospitals in our study, at the conclusion of the data gathering phase most were working on spreading the checklist to other surgical departments and operating suites. This is reassuring but a formal study will be needed to determine whether its effects persist over time.
Patients requiring urgent surgery are at heightened risk of complications, and added time pressures can introduce significant errors of omission, further increasing the risk. Use of the WHO Surgical Safety Checklist in operations requiring intervention within 24 hours of assessment was associated with significant reductions in complications and deaths and substantial improvements in safety practices in 8 diverse facilities around the world. Hospitals should give strong consideration to implementation of such an intervention to reduce both harm to patients and the expense of complications.
